Infection of mink S+L-cells with ecotropic murine leukemia virus, achieved by phenotypic mixing with xenotropic virus, did not result in the induction of transformed foci. Also, clonal lines of S+L-mink cells, chronically infected with ecotropic murine leukemia virus, which produce both the ecotropic virus and its murine sarcoma virus pseudotype are morphologically indistinguishable from normal S+L-mink cells. Neutralizing antiserum added to S+L-mink cells inoculated with xenotropic virus 24 h earlier prevented the formation of foci of transformed cells. Together, these observations indicate that focus formation in S+L-cells requires a regional spread of infection, with the insertion of additional murine sarcoma virus genomes and resultant transformation occurring from a gene dosage effect.
Murine sarcoma viruses (MSVs) are replication defective, but can transform cells in the absence of murine leukemia virus (MuLV) helper (1, 3, 9). There are two different types of cell lines among the lines infected with MSV in the absence of MuLV. One consists of morphologically transformed cell lines, such as K-NRK and K-BALB, whereas the other consists of cell lines morphologically difficult to distinguish from uninfected cells, such as the mouse and mink S+L-cell lines (3, 16). The interesting characteristic of the S+L-cell lines is that these cells are morphologically transformed further by superinfection with permissive leukemia viruses. This phenomenon has been used to develop an assay system for leukemia viruses (4, 6). However, complicated procedures are involved in the derivation of the MSV used to establish such S+L-cell lines (3, [15] [16] [17] [18] .
The mouse S+L-cell line was first established by infecting 3T3 FL cells with Moloney MSV (M-MSV) and cloning the transformed cells produced in soft agar. The mink S+L-cell line was established by infecting mink lung cells with the M-MSV pseudotype of RD114 virus (16) . The initially transformed S+L-mink cells, although continuing to contain rescuable MSV, became flat after six subcultures and were therefore indistinguishable from normal mink cells (16) . By use of these flat mink S+L cells, a rapid focus induction assay has been developed for mammalian type C viruses, including xenotropic MuLV (16 (11) . Xenotropic viruses were grown in mink cells, ATCC CCL-64; the strains used here were the BALB-IU-1 and NZB-IU-1 strains isolated from iododeoxyuridine-treated BALB-ME and NZB.Q cultures, respectively (10) . The phenotypically mixed pool of xenotropic and ecotropic MuLV's was prepared in NZB.Q cells or in SC-1 cells as described previously (12) .
As in our previous report (12) , the various virions in the phenotypically mixed harvests are referred to by the genotype, followed by the host range phenotype within parentheses; e.g., M(x) virions contain an ecotropic genome (M) in an envelope with xenotropic (x) MuLV host range determinants.
Assays for ecotropic genomes with ecotropic host range determinants, M(m) virions, were done by the XC plaque assay (20) in ME cells. Assays for xenotropic virus were done by the focus assay in the mink S+L-cell line (16) . Assays for phenotypically mixed M(x) virions were done by infecting mink cells, 3 days later irradiating them with UV light and overlaying them with mouse cells, and 3 days later performing the XC plaque assay (12, 20 
RESULTS
Lack of induction of transformed foci on S+L-mink cells by ecotropic MuLV. S+L-mink cells were infected with a phenotypically mixed virus pool between ecotropic and xenotropic MuLV's diluted to produce 10 to 40 transforned foci per culture. The approximate titers of X(x) and M(x) virions in the pool were 104.0 focus-forming units and PFU per 0.2 ml, respectively. Foci were counted under a dissecting microscope on postinfection day 6, and their outlines were scratched into the bottom of the plastic dishes. The dishes were then UV irradiated, and 5 x 105 NIH Swiss embryo cells were added to amplify the ecotropic MuLV, M(m), produced from the S+L-mink cells. After 3 days, some of the dishes were UV irradiated again, and 1.2 x 106 XC cells were added to develop leukemia virus plaques; these cultures were fixed and stained 3 days later. Other overlaid cultures were held for scoring of foci of MSV transformation of the mouse cells brought about by MSV genomes rescued with ecotropic virus helper. There was no association between the location of the S+L-foci and either the XC plaques or the MSV foci in the mouse cells in any of the dishes.
These findings indicate that the observed focus formation on the S+L-mink cells was due to X(x) virions and that S+L-cells infected with ecotropic virus do not register as foci of transformation, even though they are producing MSV and MuLV.
To confirmn the failure of focus induction on S+L-mink cells by M(x) virions, we examined clonal lines of S+L-mink cells infected only with M(x) virions. As described previously (13) , the phenotypically mixed virus provided the material for obtaining uniform cultures of mink cells chronically infected with ecotropic virus, such as AKR-L1 virus. Using the same technique, we established clonal lines of S+L-mink cells producing AKR-L, virus. As shown in Ta- Suppression test by antiserum. The failure of ecotropic virus infection to transform the mink S+L-cells could reflect either an inability of ecotropic virus to trigger the transforming event in the infected cells or the inability of the progeny virus and the MSV pseudotype -to produce second-cycle infection. To differentiate between these possibilities, we infected S+L-cells with xenotropic virus and prevented second-cycle infection by adding neutralizing antiserum 24 h later. As shown in Table 2 , focus formation by xenotropic viruses was completely suppressed by the antiserum.
DISCUSSION
Little is known as to why S+L-mink cells, although they continue to contain a rescuable MSV genome, are morphologically indistinguishable from normal mink cells. One possibility is that the src gene in the integrated M-MSV genome is not expressed in S+L-mink cells. The integration site of the MSV genome on the chromosome may be of importance for the expression of the src gene. Another possibility is that the number of src genes or the amount of src gene product in S+L-mink cells does not suffice to transform the cells or to keep them malignant.
The number of integrated DNA copies of an RNA tumor virus, as well as the integration site on the chromosome in relation to neoplasia, may be important. It was reported that M-MSV-producing feline cells, P521, contained about 10 times more M-MSV-specific viral RNA than did S+L-cells (7) .
Another question that remains to be answered regards the failure of ecotropic virus to induce transformed foci on S+L-mink cells. Focus formation on S+L-mink cells by xenotropic viruses may be due to the infection of a rescued 
